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THE  SOLAR  SYSTEM. 

In  considering  the  revolutions  of  the  earth  round  the 
fiun  we  have  seen  that  the  distance  of  the  moving  body 
(the  earth)  from  the  centre  of  gravitation  (the  sun),  does 
not  remain  the  same  throughout  the  orbit  but  increases 
and  diminishes  continually.    From  that  place  in  the  orbit 
at  the  oreatest  distance  from  the  sun  (called  the  aphelion) 
the  earth  continually  approaches  the  sun  imtil  the  place 
of  least  distance  (the  periheUon)  is  reached,  and  then  com- 
mences to  recede  and  continues  to  recede  until  the  aphehon 
is  again  arrived  at.     So  fsu',  however,  we  have  confined  the 
consideration  of  the  case  to  a  revolution  assumed  to  take 
place    wholly    in    a   plane    passing    through    the    ceu- 
tres  of  the  sun  and  the  eartli,  and  at  right  angles  to  the 
vertical  axis  (or  pole)  of  the  sun;    or,   in  other  words, 
we  have  supposed  the  radius-vector  connecting  the  cen- 
tres of  thi'  sun  and  the  earth  to  constantly  fonn  a  right- 
ancle  with  an  axis  perpendirulAr  lo  tlie  orbital  plane  of 
revolution. 

We  have  seen  that,  an  oscillating  motion,  having  been 
communicated  to  the  revolving  body,  causing  it,  whilst 
travellinginthe  orbit  of  revolution,  to  alternately  approach 
and  recede  from  the  centre  of  gra\atation,  such  motion 
becomes  continuous,  occasioning  a  constant  de\nation 
from  the  circular  path  of  revoluHon  and  producing  a 
gi-eat<.>r  or  lesser  amount  of  eccentricity  in  the  elliptical 
orbit.  Since  an  oscillating  effect,  whether  caused  by  a 
primary  influence  or  by  a  perturbing  force  acting  in  a 
direction  at  right-angles  to  the  vertical  axis,  becoming 
permanent,  occasions  a  constant  de\Tation  from  the  circular 
orbit ;  may  we  not  expect  to  find  that  a  like  effect  is  also 
operative  in  the  direction  parallel  to  the  vertical  axis  of 
the  (sun)  centre  of  gravitation ;  that 's,  perpendicular  to  the 
plane  of  revolution.  It  would  at  first  appear  that,  unless 
we  suppose  some  additional  (unknown)  force  to  operate 
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in  restraining  the  motion,  a  deviation  in  this  directior/ 
(i.  e.  the  vertical,  considering  the  plane  of  revolution  as 
horizontal)  will  be  caused  by  an  influence  of  proportion- 
ally much  less  magnitude,  because,  even  when  the  devia- 
tion has  become  considerable,  it  will  be  only  the  force 
represented  by  the  vertical  distance  to  which  the  devia- 
tion from  the  horizontal  plane  extends,  compared  to  the 
horizontal  distance  from  the  centre  of  gravitation,  which 
will  be  effective  in  bringing  back  the  moving  body  to  the 
horizontal  plane  of  revolution ;  and  the  amount  of  the 
force  so  represented  can  only  be,  even  in  an  extreme  case, 
a  fraction  of  the  whole  gravitating  influence  which  is 
exerted  at  right  angles  to  the  vertical  axis  of  the  central 
sphere.     In  the  accompanying  figure,  [fig  1.]  where  S. 


is  the  sun,  E.  the  earth,  and  S.  r.  the  horizontal  plane 
of  orbital  revolution.  Let  m.  n.  represent  the  extreme 
vertical  deviation  (i.  e.  above  and  below  the  horizontal 
plane)  which  is  supposed  to  determine  the  actual  path  of 
the  revolving  body  E.  throughout  the  entire  orbit.  If  E. 
is  supposed  to  have  arrived  at  m.  the  place  of  mpximum 
elevation  ;  the  proportion  of  the  sun's  gravitating  influ- 
ence [represented  by  S.  m.]  effective  in  the  direction 
r.  m.,  to  that  in  the  horizontal  direction  S.  r.  will  be  [by 
the  rule  for  the  resolution  of  forces]  as  the  respective 
lengths  of  those  lines  ;  viz.  as  m.  r.  :  S.  r.  Now,  since 
in  the  actual  case  of  the  earth  and  sun,  S.  r.  is  known  to  be 
about  95,000,000  miles,  it  is  evident  that  the  distance  r.  m. 
would  have  to  become  considerable  before  any  very  effect- 
ive proportion  of  the  sun's  attractive  force  could  act  upon 
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THE   VERTICAL   DEVIATION. 


the  eartli  in  the  dirertion  m,  r.  Hence 
it  might  be  hastily  inferred  that, 
because  an  external  perturbing  force 
acting  in  the  horizontal  direction  in 
opposition  to  the  whole  gravitating 
influence  (repre:r«»nted  by  S.  r.)  causes 
a  deviation  of  a  certain  amount  in 
that  direction,  therefore  a  like  per- 
turbing force  acting  in  the  vertical 
direction  in  opposition  to  only  the 
small  fraction  of  8.  r,,  represented 
by  r.  m.  would  produce  a  much 
greater  amount  of  deviation  in  the 
vertical  direction  ;  but  so  to  infer 
would  be  to  some  extent  erroneous, 
because  it  would  be  leaving  out  of 
consideration  the  centrifugal  force 
which  counterbalances  the  gravitat- 
ing influence  in  the  former  (the  hori- 
zontal), and  which  is  (almost)  absent 
in  the  latter  (the  vertical)  direction; 
consequently  it  appears  that  a  limit 
will  be  soon  reached  when  the  verti- 
cal motion  derived  from  the  pertur- 
bing force  or  other  impulse  being 
overpowered  by  that  portion  of  the 
gravitating  force  represented  by  r.  m., 
the  revolving  body  will  be  restrained 
from  deviating  further  in  that  direc- 
tion and  will  be  then  compelled  to 
return  towards  r.  in  the  horizontal 
plane  S.  r.  The  motion  in  the  direc- 
tion of  r.  will  not  cease,  however, 
when  the  revolving  body  arrives  at 
that  plane,  but  the  acquired  momen- 
tum will  cause  the  motion  to  con- 
tinue in  the  direction  r.  n.     The  point  n.  being  reached, 
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the  amount  of  gravitating  force  acting  in  the  direction 
r.  n.  and  opposing  the  motion  (r.  n.  being  equal  to  r.  m.) 
will  overpower  the  motion,  as  in  the  case  of  the  vertical 
deviation  above  the  plane,  causing  the  body  again  to 
return  towards  r,,  and  so  on  continuously,  the  revolving 
body  E.  having  thus  a  vertical  motion  of  oscillation 
(vibration)  between  the  points  m.  and  n.  whilst  travelling 
through  tlie  circular  (elliptical)  orbital  path  of  revo- 
lution. Tlie  ascending  and  descending  path  of  the 
body  tlience  residtmg  may  be  more  clearly  under- 
stood by  reference  to  the  accompanying  figure  (fig  2) 
in  whicli  r,  r,  r.  r.  represents  the  outer  edge  of  the 
horizontal  orbital  plane,  and  A.  m.  a.  n.  A.  the  path  of  the 
revolving  ))ody  ;  the  elliptical  figure  having  been  sepa- 
rated at  A,  and  iiidteiit  into  tlio  figure  contained  between 
the  [separated]  points  A. A. 

Tlie  present  teaching  on  this  sul)iect  is  tlifit  the  axis 
of  tlie  earth  is  inclined  to  the  ecliptic  at  an  angle  of  about 
2'-i°  2>'  and  that  the  eaitli  travels  throughout  the  or))it 
retaining  the  same  absolute  position  :  or,  as  it  is  described 
in  some  astronomical  works,  'theeartli's  axis  remains  par- 
allel to  itsidf  ill  all  positions':  the   meaning  of  wiiich  is 
defined  by  illustration  to  be  tliat ...  if  tlui  axis  of  the  sun 
perpendicular  to  the  ecliptic  is  supposed  to  be  extended 
north  and  south, then  .  .  .at  the  summersolstice,  the  north 
pole  of  the  earth  inclines  towards  tlie  perj)endicular  axis 
of  the  sun,  and  the  south  pole  of  the  earth  away  from  it ;  . . . 
at  the  win"   .    .dstice,  the  south  pole  of  the  earth  inclines 
towards  the  perpendicular  solar  axis  and  the  north  pole 
of  the  eart  h  away  from  it ;  ...  and  at  the  vernal  and  autum- 
nal e(iuinoxes,  the  polar  axis  of  the  earth  is  inclined,  at 
the  same  angh',  in  the  direction  of  the  earth's  orbital  path  ; 
in  the  one  case  the   south  pole  being  in  advance,  and  in 
the  other  the  north  pole  being  in  advance.     Fig.  3,  (PI.  1. 
&  2.)  illustrates  the  supposed  position  of  the  earth  rela- 
tively to  that  of  the  sun  in  the  four  places  of  the  orbital 
revolution,  namely — the  equinoxes  and  solstitial  points. 
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.ii<f  cotttiiiuftlh  from  Hi.*  ciiv.ukf  orbit  in  the  hormmU\ 

« pHtrt*   of  gTftviwtiofj — ^rh(&  ««>    i#   jwi-VTthdf^*    q-.ii^* 

iufitifluenced  hv  wty  sue*'  '«i4!1i«?JHc*:l7U'f  »5i  iK-  vf^vr.jcji! 

- --hit  ivithout  ftfjy   U'  ■  «'Ik  *l. 

tal  J«U!«*  of  U  I:'    t'ciip.   i.  .       Ao:  •;;     isi.^.ij-T.g-   H(*     ,.(\«tnM*«» 

v'i'aij  rettmitiing  ttvrc<>,  wpjitf  ,v<,ij'.j.'   -    '-  '  -    >^    - 
>'}}>j:M)Sf«  that  lb"  mr*\,  i;.-:;h»^r  itirw^. 

ii#0t»ry-'— ttuif  tJH«i-w  are  icf  owu  fjicts,  e8tul)Ii'''.c<lbvft^i%^ 

ibservatjoii  «!,i4  ;ri*%jnv!;ihie,    which  ^th  yrfe^mr^hiU.- 

•Afth  it.    As  «n  vxuTjnpk'  wy  wili  t.'K»'  the  ;•=<.!<>  ^t  >/.     If 

•    '  t»5Ci!n-»t'  ?(.    *:'Hnh  w  imi«ir)<-f]  <o  bo  cxffu^h'sd  huk'fi- 

.y  rhronirh  the  irf.ith  ]»ok  ilh-  *rxi<-rision  would  |..ti!it. 

flmnjifh  A,  place  i,n  •■lit?  upflvt-ritv  n.»iu   tlsc  pnlt^  f^inr  ■  jr 

(Shf.f  words,  that  .«.lur  K-t  knAvm  t.o  he  nearly  (.vt-r  the 

iiorth  |M>1«  of  the  carrh:  fhiit  it  !!«.  so  in  fttct.  is  «Jeim;u 

>i  .?»r«3d  by  the  appurej  rf;  rotation  of  All  other  Htarfsaroaiid  th(t 

pole  star?  aa  ftp|)^ar«ncp  ^'orphenornftnoTi)  whj>h,  then^ 

can  be  no  donht  U  ^uicd  by  iiu>  :ii.'tijjil  rotation  of  the 

forth,  troTii  -waicfi  it' is>  viewer),  f^u  its  axis.     .\iid  it  is 

';ior<'aTer««rtftbii#iea  hv  ftb«.!rvotton  that  the  wrnie  star  i^ 

h:   .' ttM»  p»U;  Ktar  of  iht'^ftrth's  orbit  aticf  ofthe  edlpiic. 

i^ieayM*  the  siuuf  rthw^  inrntion — ntrowly  that  of  hu 

af»pasJ-eT!i.  vf^uxr-^  >ii  itijiutUm  of  all  th«  otlioi-  s<tn.r.^  collect- 

fn|uiHl  bj  the  mim  star  in  whatevttr  p*rt  of 

i:.<^  Mjrfc;,',  i^MJ  <**«tij  itiay  be  '.vheu  the  obsiervation  i»  luaflf,. 

Wh<^  0€»i*id**red  ft>r  the  ii-st  tteio  there  ruay  bo  som«.' 

''ifi^nlty  iiinn'Wsita(i<1iiig  that  the  farth,  hjwhig  a pivrti- 

■  -i  »tar,  alino4  •ilrtcfly  aWe  it*  uorrU  pok,  am  travel. 
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TTIK   THEORY   i>V  THE   INKJLINKD   AXIS.  d 

To  rhis  ilioory  ir  luiiy  he  in  tlie  first  plnco  oltjoctcd  that 
it  8uppo8t's  a  hiulily  complex  ami  artiticial  arniiigement 
where  the  inon-  simple  iiiid  as  it  may  he  termed,  more 
iiiitiiral   arraiiucmeiit   wotiM    effect  the  same    purpose. 
Secoiully,    it    necessitates    tiie  (extretneiy    improbahle) 
nssinnption  tiuir  rhi'  earth  whielideviatesso  considerably 
iind  eontimiallv  from  the  circular  orbit  in  the  horizontal 
direction  alternately  approaching  and  receding  from  the 
centre    cf  gravitation — the  sun,    is    nevertheless    quite 
uninfluenced  by  any  sucli  oscillating  etFect  in  tiie  vertical 
(hrection,  but  revolves  continually  throughout  the  entire 
orbit  without  any  ileviation  whatever  from  the  horizon- 
tal plane  of  the  ecliptic.     Notwithstanding  the  absence 
of  all  n-straining  force,  we  are  retpiired  by  this  theory  to 
suppo.-t'  that  the  earth  neither  ascends  above  nor  descends 
l»el(»w  rhat  precise  plane.     And  thirdly,  we  object  to  this 
tlieory — that  there  are  known  facts,  established  by  direct 
observation  and  indispntal)le,    which  are  invconcilable 
w  ith  it.     As  an  example  we  will  take  the  pole  star.     If 
the  axis  of  the  eaith  is   imagined  to  be  extended  indeA- 
iiitely  through  the  noith  pole  the  extension  would  pass 
ilirough  a  ])lace  in  the  heavens  near  the  pole  star;  in 
other  words,  that   star  is   known  to  be  nearly  over  the 
nortii  pole  of  the  earth  ;  that  it  is  so  in  fact,  is  demon- 
strated by  theapparent  rotation  of  all  other  starsaroimdthe 
pole  star :  an  appearance  (or  phenomenon)  wliich,  there 
can  l)e  no  douln  is  caused  by  the  actual  rotation  of  the 
cartli,    from  wiiich  it   is  viewed,  oti  its  axis.     And  it  is 
moreover  established  by  observation  that  the  same  star  is 
also  the  pole  star  of  the  earth's  orl)it  and  of  tlie  ecliptic, 
because  the  same   relative  position — namely  that  of  an 
ap]»arent  centre  of  rotation  of  all  the  other  stars  collect- 
ively— is  occupied  by  the  same  star  in  whatever  part  of 
its  orbit  the  earth  may  be  when  the  observation  is  made. 
"When  coiisidered  for  the  first  time  there  may  be  some 
ditticulty  in  nnderstanding  that  the  earth,  having  a  parti- 
cular star,  almost  directly  above  its  north  pole,  can  travel. 
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to  a  distance  of  about  190,000,000  miles,  that  is — to  the 
opposite  extremity  of  its  orbit — and  yet  still  havo  the 
same  star  almost  directly  over  its  north  pole  as  before ; 
such,  however,  is  the  case,  and  when  the  comparatively 
enormous  distance  of  the  star  is  taken  into  consideration 
it  is  readily  understood  that  the  diameter  of  the  earth's 
orbit,  great  as  a  distance  of  J  90,000,000  miles  appears  to 
be  in  a  merely  terrestrial  sense,  is  not  sufficient  to  cause 
an  appreciable  alteration  in  the  angle  at  which  the  light 
from  the  star  arrives  at  the  eye  of  the  observer.  This 
may  be  shown  by  illustration  as  in  Fig.  3  (PI.  3.)  where 
(B)  represents  the  sun  and  the  earth,  and  (A)  the  relative 
jilacc  of  the  pole  star.  * 

In  this  figure  we  assume  the  position  of  the  earth's  axis 
to  be  that  which  we  assert  that  it  actually  is  :  namely, 
parallel  to  the  axis  of  the  earth's  orbit  or  perpendicular  to 
the  plane  of  the  ecliptic.  Now  if  we  take  the  theory  of 
the  inchned  axis,  it  is  true  that  the  apparent  situation  of 
the  pole  star  relative  to  the  north  pole  (and  other  parts) 
of  the  earth  will  be  the  same  and  will  remain  unchanged 
during  the  progress  of  the  earth  throughout  its  orbit  of 
revolution,  but  it  is  also  evident  tiiat,  relatively  to  other 
stars,  the  locality  of  the  pole  star  will  have  shifted  west- 
wards to  a  distance  of  about  23^,"  and  thj  pole  of  the 
ecliptic,  remaining  unmoved,  would  then  n*icessarily  be 
at  a  distance  of  2S^°  from  the  pole  star  ;  and  moreover 
the  locality  of  the  pole  of  t'.ie  ecliptic  would  be  always 
in  the  same  direction  from  the  pole  star,  in  whatever  part 
of  its  orbit  the  earth  might  be  :  but  this  is  negatived  by 
the  observed  facts  and  the  teaching  of  Astronomy,  namely, 
that  the  locality  of  the  pole  of  the  ecliptic  very  nearly 

•In  addition  to  the  sun  and  earth,  the  other  principal  members  of 
the  solar  eysteTUj  with  exception  of  Neptune,  are  also  shown  (the 
inferior  planets  underneath  to  prevent  crowding).  The  arrows  cross- 
ing the  earth  illustrate  the  direction  in  which  the  axis  of  the  earth 
inclines  according  to  the  present  astronomical  theory.  The  distance 
of  the  pole  star  from  the  sun,  as  shown  in  this  figure,  is  simply  for  illus- 
tration and  is  much  less  than  the  supposed  actual  distance. 
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corresponds  with  the  place  of  the  pole  star  and  that  the 
pole  of  the  earth  extended  to  the  heavens  revolves  around 
the  pole  of  the  ecliptic  instead  of  being  away  at  a  distance- 
of  about  23  J°  on  the  one  (same)  side  of  it,  as  required  by 
the  theory :  wherefore,  it  at  once  appears  that,  the  theory 
in  question  is  untenable  and  must  fall.  Assuming  that 
the  sun  itself  rotates,  which  is  no*  perhaps  quite  esta])lished 
as  an  observed  fact,  we  can  scarcely  hesitate  to  infer  that 
the  sun's  axis  of  rotation  or  pole  is  parallel  to  that  of  the 
earth,  and  that  it  represents  and  coincides  with  the  pole 
of  the  ecliptic  ;  in  other  words,  that  the  sun's  axis  of  rota- 
tion being  extended  becomes  the  pole  of  the  ecliptic.  At 
present  we  are  taught  that  the  polar  axi .  of  the  sun  is 
inclined  at  an  angle  of  about  7°  15'  to  the  pole  of  the 
ecliptic.  This  teaching  is  a  consequent  of  the  assumption 
as  to  the  inclination  of  the  earth's  axis,  and  belongs  to  the 
same  theory ;  it  may  be  however  considered  in  some 
degree  an  ind€pendent  hypothesis,  being  particularly 
based  on  a  direct  observation  of  the  solar  spots.  It  is 
therefore  desirable  briefly  to  consider  this  instance  in  order 
to  show  that  the  observed  fact  is  more  simply  and  con- 
clusively, and  therefore  more  satisfactorily,  accounted  for 
on  the  assumption  that  the  axis  of  rotation  both  of  the 
sun  and  of  the  earth  are  pei-pendicular  to  the  plane  of  the 
ecliptic. 

Herschels  outlines  of  astronomy,  (page  24S  to  251). 

(390)  "  when  the  spots  are  attentively  watched,  their 
situation  on  the  disc  of  the  sun  is  observed  to  change. 
They  advance  regularly  towards  its  western  limb  or 
border,  where  they  disappear,  and  are  replaced  by  others 
which  enter  at  the  eastern  limb,  and  which,  pursuing 
their  respective  courses,  in  their  turn  disappear  at  the 
western.  The  apparent  rapidity  of  this  movement  is 
not  uniform,  as  it  would  be  were  the  spots  dark  bodies 
passing,  by  an  independent  motion  of  their  own,  between 
the  earth  and  the  sun  ;  but  is  swiftest  in  the  middle  o; 
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their  patlis  across  ilie  disc,  and  very  slow  at  the  borders. 
This  is  precisely  what  would  be  the  case  supposing  tliem 
to  appertain  to  and  make  part  of  the  visible  surface  of 
the  sun's  globe,  and  to  be  carried  round  by  a  uniform 
rotation  of  that  globe  on  its  axis,  so  that  each  spot  should 
describe  a  circle  parallel  to  the  sun's  equator,  rendered 
elliptic  by  the  effect  of  perspective.  Their  apparent 
paths  also  across  the  disc  conform  to  this  view  of  their 
nature,  being  generally  speaking,  eUipses,  much  elongated, 
concentric  with  the  sun's  disc,  each  having  one  of  its 
chords  for  its  longer  axis,  and  all  these  axes  parallel  to 
each  other.  At  two  periods  of  the  year  only  do  these 
spots  appear  to  describe  straight  lines,  viz.,  on  and  near  to 
the  4th  of  June  and  Sth  of  December,  on  which  days^ 
therefore,  the  plane  of  tlie  circle,  wliich  a  spot  on  the  sun's 
equator  describes  (and  consequently,  the  plane  of  that 
equator  itself),  passes  througii  the  earth.  Hence  it  is 
obvious,  that  the  plane  of  the  sun's  equator  is  inclined  to 
that  of  the  ecliptic,  and  intersects  it  in  a  line  which  passes 
through  the  place  of  the  earth  on  these  days.  The  situa- 
tion of  this  line,  or  the  line  of  the  nodes  of  the  sim-s  equa- 
tor as  it  is  called,  is,  therefore,  defined  by  the  longitudes 
of  the  eartli  as  seen  from  the  sun  at  tliose  e2:>ochs,  which, 
according  to  Mr.  Carrington,  are  respectively  73"  40'  and 
2.53°  40'  (  -  73°  40'  +  f  S0° )  for  lS-30,  being,  of  course; 
diametrically  opposite  in  direction. 

(391).  The  inclination  of  the  sun's  axis  (that  of  the 
plane  of  iis  equator)  to  the  ecliptic  is  determined 
by  ascertaining  the  proportion  of  the  longer  and  the 
shorter  diameter  of  the  apparent  ellipse  described  by 
any  remarkable,  well-defined  spot ;  in  order  to  do 
which,  its  iq»parent  place  on  the  sun's  disc  must  be 
very  precisely  ascertained  Ijy  micrometric  measures, 
repeated  from  day  to  day  so  long  as  it  continues  visi- 
ble, (usually  about  12  or  13  days),  according  to  the 
magnitude  of  the  spots  whicii  always  vanish  by  the 
effect  of  foreshortening  before  they  attain  the  actual  bor- 
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der of  the  disc  — but  the  larger  spots  being  traceable  closer 
to  the  limb  than  the  smaller.)  The  reduction  of  such  ob- 
servations, or  the  conclusion  from  them  of  the  element 
in  question,  is  complicated  with  the  eftect  of  the  earth's 
motion  in  the  interval  of  the  observations,  and  with  its  situ- 
ation in  the  ecliptic,  with  respect  to  the  line  of  nodes' 
For  simplicity,  we  will  suppose  the  earth  situated  as  it 
is  on  the  4th  of  March,  in  a  line  at  right  angles  to  that 
of  the  nodes,  i.e.,  in  the  heliocentric  longitude  103"^  40', 
and  to  remain  there  stationary  during  the  whole  passage 
of  a  spot  across  the  disc.  In  this  case  the  axis  of  rotation 
of  the  sun  will  be  situated  in  a  plane  passing  through 
the  .arth  and  at  right  angles  to  the  plane  of  the  echptic. 


Sui^pose  C,  to  represent  the  sun's  centre,  PC  p  its  axis; 
E  0  the  line  of  sight,  P  N  Q  A  p  S,  a  section  of  the 
sun  passing  through  the  earth,  and  Q  a  spot  situated  on 
its  equator,  and  in  that  plane,  and  consequently  in  the 
middle  of  its  apparent  path  across  the  disc.  If  the  axis 
of  rotation  were  perpendicular  to  the  ecliptic,  as  N  S. 
tliis  spot  would  oe  at  A,  and  would  be  seen  projected  on 
C,  the  centre  of  the  sun.     It  is  actually  at  Q,  projected 

•  This  sentence  by  itself  appears  to  be  ratlier  equivocal ;  the  mean- 
ing is,  however,  detined  by  what  follows,  to  be,  that  the  plane  of  section, 
and  not  the  axis  of  the  sun,  is  perpendicular  to  the  plane  of  the  eclip- 
tic. 
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THE    SUN  S   AXIS. 


on  D,  at  an  apparent  distance  C  D  to  the  north  of  the 
centre,  which  is  the  apparent  smaller  semi-axis  of  the 
ellipse  described   by  the   spot,  which   behig  known  by 


micrometric  measurement,  the  value  of  ^.^  or  the  cosine 
of  Q  C  N,  the  inclination  of  the  sun's  equator  becomes 
known,  C  N  being  the  apparent  semi-diameter  of  the 
sun  at  that  time.  At  this  epoch,  moreover,  the  northern 
half  of  the  circle  described  by  the  spot  is  visible  (the 
southern  passing  behind  the  body  of  the  sun),  and  the 
south  pole  p  of  the  sun  is  within  the  visible  hemisphere- 
This  is  the  case  in  the  whole  interval  from  December  5tli 
to  June  4th,  during  which  the  visual  ray  falls  upon  the 
southern  side  of  the  sun's  equator. 

The  contrary  happens  in  the  other  half  year,  from  June 
4th  to  December  5th,  and  this  is  what  is  understood  when 
we  say  that  the  ascending  node  (denoted  )  of  the  sun's 
equator  lies  in  73°  40'  longitude — a  spot  on  the  equator 
passing  that  node  being  then  in  the  act  of  ascending  from 
the  southern  to  the  northern  side  of  the  plane  of  the 
ecliptic — such  being  the  conventional  language  of  astron- 
omers in  speaking  of  these  matters. 

(392)  If  •*"he  observations  are  made  at  other  seasons 
(which,  however,  are  the  less  favourable  for  the  purpose 
the  more  remote  they  are  from  the  epociis  here  assigned) ; 
when,  moreover,  as  in  strictness  is  necessary,  the  motion 
of  the  earth  in  the  interval  of  the  measures  is  allowed 
for  (as  for  a  change  of  the  point  of  sight)  ;  the  calculations 
requisite  to  deduce  the  situation  of  the  axis  in  space,  and 
the  duration  of  the  revolution  around  it,  become  much 
more  intricate,  and  it  would  be  beyond  the  scope  of  this 
work  to  enter  into  them.  According  to  Mr.  Carrington's 
determination,  the  inclination  of  the  sun's  equator  to  the 
ecliptic  is  about  7°  15'  (its  nodes  being  as  above  stated), 

t  "  These  periods  are  those  of  a  spot  in  heliograpliic  latitude  15o  N 
or  S  of  the  sun's  equator.  Owing  to  solar  atmospheric  drift,  the  periods 
of  rotation  deduced  from  observations  of  spots  in  high  or  low  heliogra- 
phic  latitudes  differ  considerably." 
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jind  tlie  period  of  rotation  '2')  days  9  hours  7  minutes;  the 
correspondiiig  synodic  period  21  days  0  hours  30  min- 
utes," 

The  foregoing  explanation  is  evidently  based  on  an 
assumption  that  the  centres  of  the  eartii  and  tlio  sun  are 
always  in  the  same  liorizontal  p'ane  ;  or,  in  other  words, 
that  both  of  them  are  in  the  plane  of  the  ecliptic.  It  is 
hence  concluded  that  '<  if  the  axis  of  rotation  were  perpen- 
dicular to  the  ecliplic,  as  N  S.  (tig  0)  this  spot  would  be 
at  A,  and  would  be  seen  projected  on  C,  the  centre  of  the 
sun.  It  is  actually  at  Q,  projected  upon  D  &c."  But 
if  we  repeat  Fig  (i,  and  in  Fig  7  (a)  we  suppose  the  earth, 


having  its  polar  axis  perpendicular  to  the  plane  of  the 
ecliptic,  (which  plane  we  also  assert  to  be  the  plane  of 
the  sun's  equator  and  at  right  angles  to  the  sun's  axis  of 
rotation,)  to  have  its  centre  so  much  below  that  plane 
that  a  line  joining  its  centre  to  that  of  the  sun  will  fonn 
an  angle  (of  7''  15')  with  that  plane — the  above  state- 
ments will  obviously  no  longer  hold  good ;  but,  on  the 
contrary,  the  sun's  axis  of  rotation  being  now  perpendi- 
cular to  the  ecliptic,  the  spot  seen  at  A,  is  also  actually  at 
Q,  (because  A,  and  Q,  now  coincide,)  and  is  projected 
upon  D,  as  observed.  It  is  evident  that  S,  the  south 
pole  of  the  sun,  will  now  occupy  precisely  the  same  posi- 
tion relatively  to  the  place  of  the  earth  which  was  occupy"  id. 
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by  p.  tlio  supposed  soutli  \w\o  in  Fig  0.  This  is  more 
clVnrly  illnstratcd  by  Fig  7  (b),  in  which  the  axes  of  the 
cnrth  and  of  tiie  sun  are  paraUel  to  each  other  and  i)er- 
pendicnlar  to  the  phmeof'the  ecliptic;  S.  the  south  pole 
of  the  snn  is  within  the  visible  hemisphere,  and  it  now 
appears  that  tiie  point  li.  mistaken  in  tig  <•  for  the  sun's 
e(|uator  is,  in  fact,  below  the  e([UMtor  by  the  distance 
QD.  * 
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The  asccndhnj  and  discctuling  vertical  deckiikm  of  the 
earth'' s  orbit  from  the  plane  of  the  eeJijttie. 

This  is  ascertained  by  daily  observations  of  the  (decli- 
nation, right  ascension,  and  longitude,)  place  of  the  sun  ; 
Irom  which  obsenatious  a  knowledge  of  iLs  actual 
situation  of  the  earth  as  it  progresses  throughout  its 
orbital  revolution  around  tlie  sun  is  obtained.  In  con- 
sequence ot  the  liypothesis  of  an  inclined  axis  of  rotatio;^. 
having  been  long  since  accepted  as  a  demonstrated  fact, 
the  appaii  ntly  oblique  path  of  the  sun  has  been  attributed 
to  the  oblique  position  of  the  earth  combined  w^th  the  orbi- 
tal motion  around  the  sun  :  the  obsei*ved  result  i^  therefore 
denoted  by  such  terms  as  *  the  oblicpiity  of  the  equator' ; 

*  The  difficulty  and  coinplicafion  introduced  hy  the  (Supposition  of 
the  inchiied  axis  is  indicated  in  tlie  next  section  of  HevBchel's  work 
(392),  from  wliich  it  appears  that  the  calculation  if  applied  to  (based 
on)  observations  made  at  other  seasons  becomes  extremely  intricate. 
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"the  nsrendinij:  and  dt'.sc»'ndini;  nodes  of  the  ecliptic'; 
tiie  teaching  beinj^  that  the  plane  of  the  ecliptic  (/.  r, 
the  orbital  plane  of  the  earth)  and  the  plane  of  the 
I  .tith's  ecpintor  are  inclined  to  each  other  at  an  angle  of 
about  Q'-i^"  (and  which  is  e();iivalent  to  a  statement  that 
the  polar  axis  of  the  earth  is  inclined  to  the  pole  of  the 
ecliptic  at  an  angle  of  al)out  S-ih"  .)  As  to  the  astronomical 
observations  there  is  no  reason  to  call  in  question  their 
correctnei-8,  and  we  shall  accordingly  consider  the  appa- 
rent patli  of  the  siHi  and  the  angle  of  apparent  obli(|uitv^ 
(now  recoirni/ed)  asol)served  liicls  ;  and  by  their  aid  pro- 
ceed to  explain  brietly  the  actual  [>ath  of  the  eai1h  in  its 
revolution  around  the  sun. 

Fig,  ^,  PI.  0.  We  will  commence  with  the  winter  sol- 
stice, the  eartli  being  at  A  the  extremity  of  the  major  diam- 
eter of  the  elli[)se  at  tiie  least  distance  from  the  sun.  The 
earth  is  now  at  the  maxinnnn  elevation  above  the  plane 
of  the  ecliptic  (or  tlie  plane  of  tlu'  sun's  e(|uator),  and  a 
line  joining  the  centre  of  the  earth  and  the  centre  of  the 
sun,  at  this  place  forms  witli  that  plane  an  angle  of  about 
•J:i^  degrees.  Since  tlu^  distance  of  the  earth  from 
the  sun  is  known,  we  can  easily  obtain  tlie  approximate' 
value  of  the  OHA"  of  vertical  deviation  at  that  disliuic*'. 
Taking  tlie  distance  roughly  at  !)•)  million  miles  we  have 
;•-'), ()00,()U()  X  ^ij-  =  (a>><»'»t)  •'57,2.'5,'5,On()  miles  •  as  the 
maximum  (>levation  of  the  earth's  c^^ntre  above  the  plane 
of  tlie  ecliptic. 

The  tlieoretical  condition  of  the  earth,  so  situated 
in  respect  to  solar  illumination  and  its  consequences, 
will  be,  as  illustrated  by  the  figure,  precisely  that  which 
is  known  to  l)e  the  actual  condition.  The  arctic  circle 
will   be   unilluminat^'d ;  the  antarctic  circle  const<antly 

*  Since  the  tniificnt  of  the  arc  and  not  the  arc  itself,  should  be  taken, 
the  vertical  distance  from  the  plane  would  be  a  little*  greater,  but  an 
this  is  the  place  of  least  horizontal  distance  from  the  flun  the  vertical 
elevation  must  be  diminished  accordingly.  The  flguroB  givcu  above 
ape  merely  a  rough  approximation  to  illuetratc  the  case. 
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illiiminated.  To  the  southern  regions  it  will  be  summer ; 
because  the  clays  will  be  longer,  the  rays  of  the  sun  will 
strike  the  earth  almost  vertically  and  those  parts  of  the 
earth  will  also  be  the  nearest  to  the  sun.  To  the  north- 
ern regions  it  will  be  winter  ; — the  days  being  shorter, 
and  the  rays  of  the  sun  falling  very  obliquely  on  those  parts 
of  the  earth  which  will  also  be  the  most  distant  from  the 
sun.  When  the  longitude  of  the  sun  has  increased  30° 
that  is  when  the  earth  has  advanced  30°  in  its  orbit,  (to 
the  first  point  of  Leo)  the  elevation  of  the  earth  above 
the  plane  of  the  ecliptic  will  have  decreased  by  one-third, 
and  will  be  therefore  (37,255,000~12,418,333)=24,836, 
G67  miles.  The  days,  in  the  northern  regions  ot  the  earth, 
will  have  become  proportionately  longer,  and  in  the  south- 
ern regions  shorter.  Another  advance  of  30°  in  its  orbit 
again  reduces  the  earth's  elevation  to  (24,830,667-12,418, 
333)  12,418,333  miles;  and  when  it  has  progressed 
through  the  quadrant,  the  earth's  centre  will  be  in  the 
plane  of  the  echptic ;  or,  in  other  words,  since  the  polar 
axis  of  the  sun  and  earth  are  parallel,  the  equatorial  plane 
of  the  earth  and  the  plane  of  the  ecliptic  will  coincide  : 
consequently  the  days  and  nights  will  be  of  equal  dura- 
tion in  both  hemispheres  of  the  earth.  The  earth  has 
arrived  at  the  vernal  equinox.  The  earth  (the  equatorial 
plane  of  the  earth)  continuing  to  descend  as  the  orbital 
motion  proceeds,  passes  the  plane  of  the  ecliptic  and  when 
an  advance  of  another  30°  has  been  made,  is  at  a  distance 
below  that  plane  of  12,418,333  miles.  When  the  second 
quadrant  has  been  completed,  the  descent  of  the  earth 
below  the  plane  of  the  ecliptic  will  be  a  distance  of  37, 
2-55,000  miles,  equal  to  tlie  elevation  above  that  plane 
at  the  opposite  extremity  of  the  orbit.  The  t  ^''ditians 
of  solar  illumination  on  the  earth's  surface  compared  to 
those  first  considered,  are  now  reversed.  Tl  e  arctic 
regions  experience  a  conthmal  day  ;  the  antarctic  a  con- 
tinual night :  to  the  northern  parts  of  the  earth  it  is  now 
the  season  of  summer  ;  to  the  southern  parts  the  season 
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of  winter.     Tlie  miiximum  depression  of  the  earth's  equa- 
torial plane  below  the  ecliptic  lias  been  now  attained  and 
the  earth  commences  again  to  ascend ;  on  the  completion 
of  the  third  (piadrant  the  centres  of  the  earth  and  the 
mn  are  again  in  the  same  horizontal  plane,  and  the  autum- 
nal equinox  has  been  arrived  at.     The  ascent  of  the  earth 
still  continuing,  the  plane  of  the  ecliptic  is  again  passed 
and  when  the  orbital  revolution  has  been  completed  and 
the  earth  has  again  arrived  at  the  plane  first  considered 
(viz,  the  winter  solstice)  the  maximum  elevation  has  been 
attained  of  G7,2oo,000  miles  above  the  plane  of  the  eclip- 
tic.    To  avoid  unnecessary  complication  we  have  here 
considered   the  earth's  orbit   of  revolution  as  a   circle. 
When  we  take  also  into  consideration  the    ellipticity  of 
the  orbit,  the  probability  at  once  suggests  itself  that  the 
elevation  and  depression  of  the  earth  at  various  parts  of 
the  orbit  will  be  proportional  (or  very  nearly  so)  to  the 
horizontal  distance  of  thf  earth  from  the  sun  ;  that  is  to 
say,  the  amoui.o  of  maximum  elevation  for  the  one  semi- 
orbit  and  the  amount  of  maximum  depression  for  the  other 
semi-orbit  will  be  proportional  to  the  comparative  lengths 
of  the  horizontal  radius-vector  measured  at  each  extrem- 
ity of  the  major  diameter  of  the  ellipse   respectively; 
because  the  extent  of  the  vertical  vibration  is  evidently 
dependent  upon  the  horizontal  distance  from  the  sun ; 
and,  moreover,  the  vertical  vibration  (or  oscillation)  being 
of  precisely  the  Game  nature  as  the  horizontal  vibration 
to  which  the  ellipticity  of  the  orbit  is  correctly  attribu- 
table, it  appears  to  be  at  least  probable  that  the  same 
impulse,  whether  imparted  in  the  first  instance  or  derived 
from   some   perturbing  influence   subsequently,   which 
caused  the  one,  will  have  also  caused  the  other ;  and  hence 
that  the  arcs  of  vibration,  or  the  spaces  through  which 
the  oscillating  motions  extend,  in  the  two  directions,  viz. 
the  vertical  and  the  horizontal,  will  be  proportional  to 
each  other.     A  correction  will  therefore  have  to  be  made 
accordingly — taking  the  distance 
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at  aphelion n6,.59.5,000  miles, 

and  at  perihelion 93,405,000  miles, 

we  have  37,2-5o,000  +  62o,500=37,SS0,.500  miles  for  the 
maximum  depression  (at  the  northern  summer  solstice) ; 
and  37,2r>.5,000--62-5,500=30,029,500  miles  for  the 
maximum  eli^vation  (at  the  northern  winter  solstice).  It 
is  not  desirable  for  the  present  to  enter  into  a  particular 
consideration  of  the  phenomenon  known  as  the  precession 
of  the  equinoxes ;  we  may,  however,  here  suggest  that 
theassumptionof  an  orbital  motion  of  the  sun  itself  relative- 
y  toother  stellar  systems  [and  which  theoretically  appears 
extremely  probable]  would,  if  establislied  in  fact,  afford 
a  readily  intelligible  and  satisfoctory  explanation. 

In  taking  leave  of  this  particular  subject  for  the 
present,  we  will  call  attention  to  an  apparent  difficulty 
in  the  explanation  now  put  before  the  reader ;  the  diffi- 
culty is  one  undoubtedly  requiring  close  attention  and 
careful  consideration,  and  is  of  such  a  kind  that  when  for 
Tiie  first  time  appreliended,  and  looked  at  from  one  point 
of  view  only,  it  may  appear  to  be  almost  fatal  to  the  cor- 
rectness and  tnith  of  the  (theory)  explanation.  Referring 
to  Fig.  S.  The  earth  E.,  is,  according  to  the  explanation, 
nscending  from  n.  in  the  direction  n.r.m. ;  having  passed 
r.  it  continues  to  a«ccnd  with  a  velocity  of  nearly  "-hree 
million  miles  in  a  week.  Wliy  does  the  ascending 
motion'^cease  on  arriving  at  m.  ?  Since  the  earth  is 
(nearly)  spherical,  and  the  direction  of  the  attractive 
force  is'_at'an  angle  with  the  direction  of  motion,  approach- 
ing to  a  right  angle  ;  why  does  not  the  earth  continue  to 
move  on,  in  the  same  direction,  in  a  vertical  orbit  of 
revolution  ?  Or,  by  combining  this  motion  with  that  of 
the  horizontal  orbit,  move  in  an  oblique  path  around  the 
sun  ?  Having  stated  the  difficulty,  we  will  in  the  first 
place  observe  that  the  preeently  accepted  teaching  of  the 
inchned  axis  and  inclined  planes  exhibits  a  difficulty  of 
the  'same  kind  ;  and  which,  although  not  perhaps  so 
apparently*  startlingy^for  the  moment,  will  be  found  oti  close 
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inspection  to  be  really  more  formidable — \nz.,  there  is  no 
assignable  cause  of  restraint  and  no  reason  has  been 
shown  why  the  earth's  orbit  (or  the  orbit  of  any  other 
plfinet)  should  be  and  continue  to  be  in  an  undeviathig 
horizontal  plane.  If  there  was  no  apparent  cause  for 
deviation  it  would  be  incumbent  upon  us  to  show  posi- 
ti\  e  cause,  but,  with  so  many  centres  of  attractive  force 
above,  below,  and  in  every  angular  direction  vertical  and 

oblique  to  the  orbital  [dane it  is  almost  inconceivable 

l,l)iit  the  earth  (or  other  plnnet)  throughout  its  entire  orl)it 
sliould  not  be  sid>ject(^d  to  some  vtaticJ  ati liictive  force  : 
itud  to  counteract  such  an  iiilluenco  hovvever  slight,  no 
restraining  force  whatever  lias  been  sliown,  nor  is  there 
any  known  force  or  influence  which  can  be  assigned  as 
operating  to  pri'Vtuit  vsuch  a  motion  of  vertical  deviation 
jbovc  or  below  tlie  ujl^il^il  jti.-ijic.  Evf^ii  if  we  put  aside 
the  supposition  of  a  vertical  or  obiicjue  perturbing  iullu - 
ence,  the  diiliculty  is  not  nuieh  diminished  ;  for  it  is 
.-scarcely  conctsivablc,  ior  instance,  that  tihe  earth  can 
revolve  around  the  sun  at  a  (hstance  of  9-5  million  mill's 
ill  ;in  oibital  pliitir  [terfecily  (;(»ini,iui'i;r  with  the  (Hjuuto- 
riai  plane  of  the  sun,  deviatinir  neiiiier  above  uor  below 
I'uat  [dciue  in  any  (k'gn-i'  willitMit  ;iiiy  po^sitive  cause  to 
prevent  its  ascending  *>v  des<ceuding:  and  yet  it  must  bt- 
supposed  to  keep  (jonstantly  in  ihis  liorizontal  path 
notwithstanding  tliat  its  axis  is  incliruHl  to  the  pole  of 
the  ecliptic,  that  its  form  is  nut  perfectly  spherical  V>u! 
«41ipsoidal,  that  its  hemispheres  are  unequally  heated  and 
fooled  (luring  the  progress  of  its  revolution,  and  tliat 
internal  changes  are.  (.'ontinually  t;iking  place  whieb  niay, 
at  least  temporarily,  disttu'b  in  some  slight  degree  the 
equahty  of  gravitating  effect  above  and  below  the  horizon. 
This  however  nuist  be  not  only  eon(!eived  to  be  possible- 
Imt  must  be  admitted  as  established  fact  before  wt  ciin 
iccept  the  theory  of  the  e([u<itoiial  plant-  mcHned  to  t,li^> 
plane  of  the  ecliptic,  and  of  the  planetary  revolution  in 
a  perfectly  horizontal  orbit  without   vertical  deviation 
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1  herefrom.  We  will  now  briefly  considor  fho  actutJ 
comlitioiis  of  the  case  in  ordor  to  trace  that  iictual  motion 
which  results  from  the  vertical  motion  being  ctmipoumled 
with  tlie  horizontal  motion  of  tln^  earth  in  its  orbit  of  re- 
volution. In  Fig  S,  PI.  -5,  Tlie  earth  at  n,  is  at  tlie  place  of 
maximum  deviation  below  the  plane  of  the  ecliptic,  and 
is  advancing  along  the  orbital  path  in  the  direction  n.  r. 
ra;  and  iiie  velocity  or  rate  of  advance  in  that  direction 
is  about  -50  million  milejs  a  month.  Now  since  the  axin 
of  the  earth  is  vertical  to  tlic  direction  of  the  motion,  the 
centrifugal  forc<'  which  counteracts  the  attrnctive  force 
of  the  sun  operates  from  the  centre  of  the  orbit  at  right 
angles  to  the  axis  :  but  the  whole  attractive  force  of  the 
i^un  is  now  acting  on  the  earth  from  the  ]ii<T]ior  position 
at  an  angle  of  23 J  degrees;  therefore,  if  this  force  is 
resolved,  about  three-fourths  tliereof  acting  in  the  direc- 
tion horizontal  to  the  axis  is  counteracted  by  the  centri-^ 
tugal  force  which  is  directly  opposed  to  it ;  and  nearly 
the  one  fourth  is  eflective  in  attracting  the  eartii  verti- 
cally upwards  in  the  direction  r.  m.;  smce  this  vertical 
attractive  force  is  entirely  unopposed  by  any  counteract- 
ing influence  or  force  it  is  immediately  eflective  in  pro- 
ducing au  ascending  motion  of  tlie  earth  ;  the  motion  so 
produced  is  a  continually  accelerated  motion  until  the 
plane  of  the  ecliptic  is  reached,  but  it  is  not  a  uniformly 
accelerated  motion,  because  that  traction  of  the  sun's 
gravitating  influence,  the  originating  and  accelerating 
force  to  which  this  vertical  motion  is  subject — con- 
tinually decreases  as  the  angle  diminishes,  and  when  the 
plane  of  the  ecliptic  is  reached  its  influence  in  the  ver- 
tical direction  upwards  entirely  ceases ;  the  earth  by  its 
acquired  momentmn  passes  tlie  horizontal  plane  of  orbital 
revolution  (the  ecliptic)  at  r.  and  as  it  ascends  above  that 
plane  is  again  subjected  to  the  vertical  influence  of  a 
part  of  the  sun's  attractive  force  which  is  now  exerted  in 
the  reverse  direction,  namely,  from  below  upwards, 
opposing  and  counteracting  the  upward  vertical  motion 
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of  the  oartli.  Ah  the  angle  (of  the  lino  jtiiiiing  tlio  confre 
of  the  uarih  and  sun  witii  the  plane  of  the  (!c.Hplic) 
increawos,  the  fraction  of  t'e  sun's  gravitating  iiiHnence 
which  is  thuH  effective  in  the  vertical  direction  heconies 
greater  and  when  the  place  of  maximum  elevation  iit  m. 
has  been  reached,  the  resisting  force  then  again  amount  • 
ing  to  nearly  one  fourth  of  the  vvliole  gravitating  influence  of 
the  sun  upon  the  earth,  is  sulHcient  to  overcome  the  upward 
motion  and  continues  to  operate  by  causing  a  verticaJ 
motion  of  descent.  The  undulating  path  of  the  earth's 
revolution  which  results  from  the  combination  of  the 
vertically  oscillating  with  the  horizontal  motion  in  the 
plane  of  the  orbit,  is  illustrated  at  Fig  9,  NA'lierc  the  cir- 
cular orbit  (a)  is  supposed  to  be  separated  ut  A,  (oru;  of 
the  nodes)  and  to  be  straightened  out  into  an  undulating 
line  (b)  tenninated  by  the  points  of  separation  A,  and  A. 

(Note) — As  this  case  may  not  improbably  appear  <o 
present  considerable  difficulty  when  the  attention  is  first 
directed  to  it,  we  will  again  revert  to  the  explanation 
already  given — in  order  to  point  out  more  particidarly 
the  influence  of  the  centrifugal  force  in  preserving 
perpendicularity  of  the  earth  in  its  vert;ical  ascent  and 
descent.  Takhig  the  position  of  the  earth  again  ,is 
illustrated  at  n.  fig  8,  (the  place  of  maximum  depression) 
the  centrifugal  force  is  acting  equally  on  the  whohi  mass 
of  the  earth,  impelling  it  in  the  horizontal  direction  out- 
wards ;  as  this  force,  the  centrifugal  is  sufficient  to 
counterbalance  ('neutralize)  all  the  gravitating  force 
acting  in  the  horizontal  direction  inwards,  no  motion  can 
take  place  in  that  direction ;  consequently  that  part  of 
the  oblique  force  capable  of  acting  in  the  vertical  direc- 
tion, being  unopposed,  is  effective  in  producing  motion  in 
that  direction,  i.e.  the  directly  vertical. 
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